Introduction.
The Threshold Electric Skin Sensitivity (TESS) was intensively investigated by many researchers during the past 100 years and a good survey of the previous literature is discussed in the work of Notermans, 1966 [8] . He used square wave constant current stimulus and tried to determine how many variables could have an influence on the skin sensitivity to electric stimulation. He found nearly constant pain threshold when measured in the same individual over a course of time. Schumacher et al, 1940 [12] measuring threshold sensitivity to heat stimulation in an earlier study came to the same conclusion. On the contrary, Lanier, 1943 [6] found that the threshold sensitivity to electric skin stimulation could vary considerably.
Most authors measured the skin sensitivity in m a n y d i f f e r e n t s k i n a r e a s , b u t n o t r e p e a t e d l y i n s h o r t intervals over the same area of the same subject.
Uher et al, 1963 [13] found decreased electric skin sensitivity above the pubic symph ys is in early labor and after the administration of oxytocin. He found inc re ased se nsiti vity afte r a dmin ist rati on of strychnine. In our previous study Cernoch et al, 1969 [2] , was used the same stimulator with constant voltage square waves on pregnant and puerperal women and we found long term changes of skin sensitivity. Later, we also found interesting short-term changes of sensitivity when w e u s e d a s t i mu la t o r w i t h c o n s t a n t c u r r e n t s q u a r e w a v e s o n puerperal women after administration of oxytocin and neostigmine. Cernoch et al, 1970 [1] . In pregnant women we found significant skin sensitivity changes after intravenous administration of oxytocin already b e f o r e t h e b e g i n n i n g o f t h e u t e r i n e contraction. We tried to find, under the same conditions, changes in other biophysical parameters of the skin; however, measurement of the skin temperature and electric conductivity did not reveal any similar changes. Cupr et al. 1972 [3] was using the same constant current square wave stimulator constructed by Valosek et al, 1969 [14] . They found different skin sensitivity during and between the u t e r i n e c o n t r a c t i o n s i n l a b o r i n g w o m e n w i t h a h i s t o r y o f dysmenorrhea and no change in women with no dysmenorrhea.
As we found in the previous investigation Cernoch et al, 1969 Cernoch et al, , 1970 , there are long term and short-term changes of the Threshold Electric Skin Sensitivity TESS in specific areas of the abdomen during pregnancy, labor, and puerperium. During the labor, the average TESS above the p ub ic s ymp h ys is a nd i n th e lat e ra l a r ea s of th e l owe r abdomen is increased but around the navel is decreased. Afte r administration of ox ytoc in to p u e r p e r a l wo m e n , t h e u s u a ll y s t e a d y T ES S i n th e lateral abdomen suddenly starts fluctuating up and down. After a dm in ist ra ti on of ne os tigmin e, the re is no ch a nge o f s te a dy TESS in lateral areas; but there is a prominent increase of TESS fluctuations around the navel and above the pubis. These TESS fluctuations may be related to the functional state of the internal organs like uterus and bowel. The projection referred pain skin area for the uterus is on both sides of the lowe r abdomen, fus ing together above the pubic symphysis as a referred pain skin area for the uterine cervix Rubin, 1947 [11] . The referred pain skin area for the bowel is in the midline of the abdomen. Jones, 1938 [5] .
Methods.
Th e Th reshold Ele c tr ic Skin Sensitivit y (TESS) wa s m e a s u r e d r e p e a t e d l y i n s h o r t i n t e r v a l s o n a b d o m e n a n d r i g h t fo r ea rm o f 7 0 p r e g n a n t a n d n o t p r e g n a n t w o m e n . The subjects were informed of the measurement procedure and they gave informed consent to participate in the study. The m ean age was 23 ye ars (r ange 1 5 to 43 yea r s) . They ha ve been randomly selected from available patients that came in the clinic and hospital for treatment. Rossmann et al, 1991 [10] .
We also used in this study different stimulator, then that was u s e d i n p r e v i o u s r e s e a r c h .
It w a s a n NS -3 P e r i p h e r a l n e r v e stimulator from Professional Instruments Co. pain and the willingness of the pa t ient t o c oop er at e . Pa ti e nts d id n ot r ec e ive a n y a na lge s ia before the measurement.
T h e T E S S m e a s u r e d s c o r e d a t a w e r e d i c t a t e d i n t o a t a p e recorder, transcribed in
tables as a function of the time and plotted on the graph. To e xpress the TESS fluctuations p h e n o me n o n i n s c o re d a t a , t h e le n g t h o f t h e c u r ve l i n e w as measured in millimeters and divided by the time of measurement in minutes (mm/min.). The higher s core repres en ts fluct uat ions o f bigger amplitude or frequency. Later we started using a simpler method for expressing the TESS fluctuations in score data. We calculated the Standard deviation for values of TESS sensitivity collected in each measurement episode. The value of the Standard deviation used as a score data, closely correlate with the score data received by measuring the length of the plotted sensitivity curve per minute. Only score data obtained this way were used for further statistical analysis and presentation in this report. The measured Threshold Electric Skin Sensitivity data were plotted as a fu nc tion of a tim e in gra ph . Fi gu re 2 shows examples of typical Electrosensitogram (ESG) in non-pregnant, pregnant, and post partum women.
In th e p resented study, one le ve l of the independ ent variable under our control was a group of non-pregnant women. The n e x t l e v e l s o f t h e i n d e p e n d e n t v a r i a b l e w e r e p r e g n a n t o r post-partum patients divided in groups according to gestational age, irregular or regular contractions during labor, and days post partum. For all the statistical analysis presented in this report, only two levels of the independent variable were used in One-way, b et w e en -
subjects analys is of varian ce (ANOVA). Th e d ependent v a r i a b l e i s t h e c a l c u l a t e d s c o r e d a t a o f T E S S fluctuations.
The alpha level was selected at 0.05. Each time we foun d a statistic ally s igni fican t di ffe re n ce be t we en t he two levels of independent variable, the Strength-of-association measure test was done using eta-squared computational formula.
Results. increase during the pregnancy; but similarly, like above t h e n a ve l, t h e r e i s a g r e a t v a r i a b i l i t y . On l y i n c r e a s e s o f T E S S f l u c t u a t i on s f r o m 3 6 w e e k s o f p r e g n a n c y t o t h e beginning of irregular contractions are statistically very significant (p < 0.01). During regular contractions and post-partum, (like that above the navel) there is a marked decrease of TESS fluctuations. I n 1 0 w o m e n , t h e c o n t r a c t i o n s w e r e r e c o r d e d simultaneously during the skin TESS measurement. As can be seen on Figure 4A , the tocographic record has been transposed on the skin sensitivity graph so that visual correlation can be done b e t w e e n b o t h c u r v e s . W e f o u n d t h a t w o m e n w i t h i r r e g u l a r contractions have more TESS fluctuations than later, during the regular uterine contractions. The means for t h e levels of th e independent variables were reported in Table 1 . Analysis of the variance performed on this data indicated that there were statistically significant differences (p < 0.05) among the means for the factors presented in Table 2 . The null hypothesis must therefore be rejected, and the conclusion reached that the fluctuations of the Threshold Electric Skin Sensitivity (TESS) changes in certain skin areas of the abdomen during pregnancy, labor and post partum. The Strength-of-association measure (eta-square) for the statistically significant changes with p < 0.05 was between 11% and 22%. The eta-square for statistically very significant changes with p < 0.01 was found between 26% and 62%. It indicates that in these s i t u a t i o ns t h e r e i s a v e r y s t r o n g r e la t i o n s hi p b e t w e e n t h e independent and dependent variables and provides justification for ma ki ng st rong i nfe re nc e s a b ou t th e va lid it y o f t he pr ese n te d results.
Measurements have been also done on several patients with p r e e c l a m p s i a , s e v e r e g e s t a t i o n a l e d e m a o r i r r i t a b l e b o w e l , a n d i t d i d s h o w e s p ec i a l l y l a r ge T E S S fl u ct u a t i on s i n m o s t o f t h e measured areas (Figure 4B). Similar, large TESS fluctuations of sensitivity were found in one 34-week pregnant patient with acute fu n c t i on a l u r e t e r i c ob s t r u c t i o n . A ft e r t h e o b s t r u c t i o n w a s r e li e ve d b y u r e te ri c s te n t, t he TE S S flu c tu a t i ons gradually decreased
over several days ( Figure 5 ).
Discussion.
Our present work supports the research hypothesis that there are changes of short-term Threshold electric Skin Sensitivity fluctuations during consecutive stages of pregnancy, labor, and post partum. Maximal TESS fluctuations were found in all measured skin areas during late pregnancy and during irregular contractions at the beginning of labor. During regular uterine contractions however, the TESS fluctuations decreased, and we could not confirm our research hypothesis that there would be some temporal relationship between the sensitivity curve and the tocographic record of the uterine contraction. Minimal TESS fluctuations were generally found in most of the skin areas of non-pregnant women and this served us as a control independent variable. Increased TESS fluc t uati ons du ring late p re gnancy and labor are c o n s i s t e n t w i t h o u r e a r l i e r r e s e a r c h f i n d i n g s , w h e n w e a dm inist e re d ox yt oci n a nd n eos t igmi ne to pue rp e ra l wome n . Th e underlying neurophysiological mechanism however is not clear.
A s we p os t u l at e d in p re v i ou s p a p e rs C e rn oc h e t a l , 19 69 , 19 70 [ 2, 1 ] , t he s ki n sensitivity fluctuations in the midline of the abdomen ma y b e somehow related to the functional state (motility) of the bowels. If any such relationship could be proved by further research, it could have p r ac t i c al a p p l ic a ti on i n ga s t r o e nt e r ol og y a s a n on -i n vas i ve diagnostic method. Iovino et al [4] found in irritable bowel patients somatic hypoalgesia to electrical stimuli.
Th e flu ctu ati on s o f TES S in t h e lateral abdominal areas, and above the pubic symphysis are more d i f f i c u l t t o e x p l a i n . O x y t o c i n a n d l a b o r c l e a r l y h a v e a significant effect on it; but we found that the changes were not synchronous with the uterine contractions. On the other hand, we had found in our previous work that TESS fluctuations on the right-and left-side of abdomen change synchronically after g i v i n g o x y t o c i n t o p u e r p e r a l w o m e n . C e r n o c h e t a l , 1 9 7 0 [ 1 ] . T h e T E S S fluctuations in lateral areas of the abdomen may be related to the activity of the autonomous nerve system in the uterus. If it is t r u e , t h e c h a n g e o f T E S S i n d e r m a t o m e w o u l d b e a n expression of the auton omous system activit y of the internal organs in the cor re sponding viscerotome. Because there is an overlapping between the viscerotome of the lower gastrointestinal tract and the internal genital system in women, the interpretation of the Electrosensitogram (ESG) may be difficult. Our statistically v e r y s i g n i f i c a n t r e s u l t s i n d i c a t e t h a t i t i s n o t impossible. The anecdotal findings of interesting TESS fluctuations changes in pregnant patients with ureteric obstruction, preeclampsia and irritable bowel syndrome suggest direction for further studies in this and other clinical situations. Other improvement would be combining TESS measurements with objective method to monitor subject's response to quantitative stimuli. Le et al, 2005 [7] . When we used in previous study constant current stimulator Valosek et al, 1969 [14] , based on Laufberger's excitation theory (Radil) [9], we observed the same short-term fluctuations of TESS Cernoch et al, 1970 [1] . In our now presented investigation we found, that Threshold Electric Skin Sensitivity (TESS) fluctuates in different areas of the abdomen and these fluctuations also change during pregnancy, labor and puerperium. Clinicians are using the manifestations of referred pain in dermatome to help diagnose pathological and physiological processes of the internal organs in the corresponding viscerotome inside the human body. Similarly, the exact measurement and recording of Threshold Electric Skin Sensitivity in dermatome could have diagnostic value. As a non-invasive method, it could help better understand t he fu n c ti o n o f i n v ol ve d i n t e r na l or g a ns in t h e corresponding viscerotome.
Figures. (B) Same patient four days after the obstruction was relieved by ureteric stent. Tables   Table 1. Changes of Threshold electric skin sensitivity (TESS) fluctuations during pregnancy, labor and post partum. (B) Same patient four days after the obstruction was relieved by ureteric stent.
